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CHAPTER I 


INTRODUCTION 


German Wartime Developments and Present Applicability 


It is generally well known that a significant 
effort of German science was channelled into development 
and application of magnetic control devices during World War II. 
The decision to effect this effort was made at a time when 
there was no particular shortage of vacuum tube components. 
The motivation behind the move was ascribed to the need for 
more service reliability. Such reliability would presumably 
relieve an acute shortage of technical field personnel who 
were called upon to maintain electronic equipment. Contem- 
poraneously, a similar effort encompassed development of high 


speed machinery (1). 


Credit for the introduction of magnetic devices 
cannot go to Germany alone, since other countries, including 
our own, held a greater number of patents employing the 
magnetic device (2)(3). However, this wartime effort on the 
part of Nazi Germany is held to be largely responsible for the 


current renaissance of magnetics. 
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Philosophically, the same premium on technical 
personnel is with our mechanized society today, where control 
Gevices are an ever-increasing and integral part of the 
progressive automation of our peacetime economy. A rough 
index as to the extent of our need for technicians can be 
obtained from contemporary articles in the newspapers wherein 
the armed forces decry the loss of trained personnel of the 
technical fields to industry. For example, retention figures 


on electronic technicians have been the lowest, about 5%. 


Today's Problems 


One logical solution to the problems posed above, 
which will apply equally well to both national postures of 
peace and of emergency, lies in the development of current 
equipment to the end of achieving a built-in reliability and 
service ruggedness. This translation of controlled-environ- 
ment laboratory analyses into production line models is a 
continuing process today, in which the desirable properties 
of solid state devices such as magnetic cores, the titanates 
and the semi-conductors are utilized to improve reliability. 
Also related to applications of the above named materials, is 
the move to the use of high speed rotating machinery. Such 
@ move seeks to exploit the backlog of experience and the 
inherent reliability of the rotating electro-mechanical power 
modulator, at the same time condensing the volume of space 


required for a given power demand. 
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In thie presentation Lt in desired to Lnvestigate 
@ possible reliability improvement es applied to the Limited 
problem of reder moduletion. Rader and other pulsed systens 
are presently an accepted adjunct to sea and alr craft. Beste 
design considerations for these eraft emphasize economy of 
Space end operational reliability. Menace, the applicability 
of more satisfactory solutions is germans, In the course of 
this Lnvestigation, tt will be sttempted to emley « high 
speed industor alternator as the power souree for a radar 
modulator using thin tepe magnetic cores as switching devices. 
The investigation would seek to test the practicability of 
these in replecement of vacuua tube switehing ecireultry and 
powor supply, both of which are potential weak links in the 


In seeordance with the Instructions for Presentation 
of Theses for the Department of Naval architecture end Marine 
Bagineering, « deseription of the inductor alternator and of 
thin tape cores as applied to thie subject is given se intro- 
ductory material, Similarly a description of the cireultry 
used is given. General probleme of import are discussed as 
background materiel, suing chepters deal with more quanti- 
tative informetion developed in the course of the investigation. 
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Inductor Alternators 


There are two basic types of inductor alternators, 
homopolar and heteropolear. In the former the excitation field 
flux crosses the air gap in only one directions there is a 
coaxial field coil and there is no flux reversal in the rotor, 
only a flux pulsation unidirectionally. An example is sketched 
in Pig. I(a). In the heteropolar machine, the axis of the 
field coil is mounted dlametrically, requiring a flux reversal 
in the rotor. Figure I(b) illustrates this type of machine. 
No windings are found on the rotor of elther and hence no 
commutators or slip rings are necessary. The intent of the 
design is to create a time variant reluctance for the flux 
path of each winding, by use of saliency on both stator and 
rotor. It will be seen that as the rotor turns, the air gap 
flux is gated through each winding in sequence. The effective 
alternating flux density in the armature winding thus varies 
from a maximum, limited by saturation,to a value near zero. 
Hence, the effective flux density variation is about half that 
for a conventional machine. At sufficiently high frequencies, 
the inductor alternator becomes competitive with conventional 
alternator designs, since a large number of poles may be 
accommodated on the periphery of the air gap, and also because 
no electrical connections are required on the rotor. It can 
be seen that the frequency of the output follows the conven- 


‘ $ional formula: 
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ft 
RPM > potatlonal spesd 
p = number of poles on armature 


in oxemination of sone of the ssliont Linitattons 
ie relevant to the study of this mschine, 4 few of these are: 
(1) Besring considerations common to high speed 
machinery. | 
(2) Beering considerations peculiar to mechinery 
ss unted on « moving platforu, 
(3) Bearing considerstions peculiar to the inductor 
alternator. 
(i) HMoshenieal strength of the rotor material. 


The power dissipated by o bearing te given without 
derivation, by Fetroff's equation ())1 


p > Eat (2) 


wheret ? “power loss, hp 
P *¥iseosity of lubrieant (revas) 
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>= journal radias, in. 
bearing length, in. 
journal speed, rpm 
radial clearance, in. 
constant 
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Prom this expression it is seen that the heat 
generated in a bearing is proportional to the square of the 
speed. Two means can be employed to lower this loss, namely 
use of a lubricant with a low viscosity and increase of 
radial clearance. Since high speed bearings generally cannot 
accommodate deflections as well as other bearings, the extent 
to which the product PL may be manipulated is limited. Air 
is successfully used as a high speed lubricant; the approximate 
ratio of its viscosity to that of a light oil is 1666. Air 
bearings have a low radial load capacity. 

This machine uses a ball bearing oil mist system, 
sinceits designed speed (22,000 rpm) is not too high. 


Bearing problems peculiar to mounting on a moving 
platfarm involve the gyroscopic moment. For a constant 
angular velocity, ® , about an axis perpendicular to the 
axis of rotation, this moment is given by the formula (6): 


= _Wh® Cus (3) 
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vivexre t @ = gyreseople couple, in. lb. 
é noment of inertia of poter, ib. in.” 
ws angular velocity of roter, rad./see. 
&. om erbltrary constent sagular velocltiy 
W* weight of voter, 1b. 
\< = Padius of gyretion © 


32 


It can be seen that the bearing would be designed 
for a pedicel losd prepertlonal te the woight of the roter for 
atetionery mounting, sech bearing would support a losd as 
fellows: 


L, ke | (h) 


The total leed on the bearing when used on a 
moving base such as o ship or alreraft ie equal te the usual 
gtationsry load plus the gyroscople moment load, which is time 
VYerient. Combining equations (3) and (4) to get the totel 
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Now pleking a velue for ship's rell which might 
be realistic for a destroyer type, and essuming that the 
ship's motion may be approximated by a sine wave: 


O(t)> 6, cos See. 
6(t)* @..(—ei) sin St 


fT > 6 see. (6) 


a 
rf] 


> rad, 


1 48 


The maximun bearing load now beoenest 
by CRS shee 
sw (et kw x 1.35 = 107) 


Thus the second term in the brackets does not 
approach the first term until kts becomes lerge, or until 
lerge moments of intertia are dealt with or until large 

rotational speeds are encountered. This explains, of course, 
why auxiliary dlesels which are high speed, are not mounted 
athwertshipa. It beers on thie problem at hand in that high 
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speeds are used with a bearing which is sensitive to 
radial loading. 


A final bearing consideration peculiar to the 
high speed alternator is that d.c. leakage flux finds ea path 
across the bearing clearance. The combination of this constant 
flux and the rotating journal forms a minuscle alternator 
in which high local currents can cause pitting and accelerated 
wear of the bearing journal. The remedy for this condition 
has been to increase the reluctance of the bearing air gap. 


The mechanical strength of the rotor material 
itself imposes a limitation. If we assume that disk theory 
holds (7) we may write down the formule for the stress dis- 
tribution in the moving rotor as follows: 


Oe: ath of (nr? ~ p®) (7) 


Con agit lk te Sie oy (8) 


In which: o7- stress in radial direction, psi 
CO, = stress in tangential direction, psi 
r = padius of interest, in. 
yr. * outer radius, in. 
p> Poisson's ratio, .3 for steel 
7? » »26/386, unit mass density for stecl 
7) 


> potatilonal speed for rotor, rad./sec. 
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The two streases are greatest where the radius 
is sero, or at the center of the rotor, if we assume that 
the rotor is made up of a single homogenous material. Yor 
stecl, these stresses become: 


Coys Rted x 48h ve s we x 10% (9) 
dheve V, is the peripheral speed, in.s/sec. 


Por the elternater used in thie presentation, which wes 
run at a low speed, 9370 rpm, because of prime mover linita- 
tions, wo heve for the stress at the center of the rotor? 


Ors 32 10% x (RL pre ee? 


= 1502 psi (net accounting for fillet and 
corner effects) 


| Conversely, allowing a maximum stress of 25,000 pat, 
the peripheral velocity ta set et 9,150 in./ses. and the speed 
at 38,300 rpm. | 


The machine used here te a 1.00 watt homopolaer 
' inducter alternator designed to run ot 28,000 rpm. 4 cutaway 


2 “ 
ee 


aubhes etd exedy teeteets ou nentonte ows act 
gots empaen ow Li yavdod edt to tebmed oi) Ga ae youn Bl 
aot -Lolnetn anonegomid ofgats « to yi ean et wedes oi 

| aceahe natura 


@ | paste Sy She * _ high 
vooa\enk ,boegs Leaedightog oct? of .¥ esodt 


y ‘gow dole ooldntagaeng add at henv setemwetle tat 0 
watants woven onlay Yo eennsed eae OTE ybeege wat a to ait . 
skiagacanetoun cea amaar uae aw on 


categees te ood at arpa Geass veuncaag st | oe + hi i" 
ee: rt te one ot “ | 


. " 
cs 


view of the machine la show in Pig. Ii. High frequency 
machines, more common in the early days of radio engineering, 
are applicable industrially today in induction heat treatment. 


Phere are Gi; stator teeth and 32 rotor teeth. 
Brese rotor slugs ere mounted between the roter teeth, the 
purpose of these being to improve the waveform by shorting 
out higher frequencies than the fundamental, The fleld eoil 
is mounted coaxially and the flux path is seen to follow 
exially elong the frames, radially across the alr gap, axially 
back through the retor, again redlally across the second air 
gap enc again axlally te the field coll, The two rotor-stator 
sections ere offset such that the dentioulated geametry ts 
eomplementarys; thus the net eir gap seen by the field flux 
is a constant. ach stator tooth ie wound with 1), turns of 
#26 <WG magnet wires alternate stator teeth are oppositely 
wound. The fielé coll consiets of 57 turns of the same 
wire, Lubrication 1s supplied through on Alealte Ofl-Nist 
automatic lubrication system, model 49550, ‘The frame of the 
alternator Le mounted on a 1 inch steel bed plate, The 
alternator shaft connects through a spindle to e belt drive, 
which in turn is driven by @ } horsepower Dumore Universal 
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Rectangular Hysteresis Loop Materials: 


Por switching circuits in the present state of 
the art, these materials may be separated into two categories, 
the ferromagnetic tape cores and the ceramics. The differences 
in properties of these may be illustrated in Table I, in which 


an example of each is given: 
TABLE I 


COMPARISON OF FPERROMAGNETIC AND CERAMIC CORE PROPERTIES 


Coercivity |Temp 


gauss oersteds % 


Resistivity 


-79 Permalloy 8700 el 1100 


(ferromagnetic) 


(ceramic) 


It can be seen that the metallic tapes have 


generally low resistance, high residual inductance and Curie 
temperature. The ceramics have opposite charecteristics but 
have excellent high speed memory applications since due to 
-high resistance, eddy currents cannot build up. Switching 
times for the two samples chosen above are 10 and 1 micro- 


seconds respectively for a step current drive of twice the 
coercivity (8). i144 
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The ceramic cores, however, with a high volume to 
ares ratio for mechanical strength and low thermal conduct~ 
advity are not able to dissipate heat rapidly. The 
lew Gurie temperature in conjunction with this last named 
property causes changes in characteristics at high switehing 
rates. To reduce eddy current effects, the tapes are reduced 
in thickness to sizes of the order of one mil. The 
B-H Charactoristics of some of the commonly used materials 
ere given in Fig. III. 


Cores may be switched with flux drive (voltage) 
or with current drive, from one remanent state te the other. 
Generally the cument drive is associsted with a higher coer- 
Give force. This value of coercive foree increases with 
inerease in the frequency of switching es a result of higher 
eddy currents and hence losses. The d.ec. hysteresis loop 
corresponds to the minimum energy required for core switching. 


In this application, we are concerned with 
flug switching of the wound core. Lenz’ Law in 


an integrated form applios: 


oe: aig x 1078 (10) 


= whA oo x 1078 
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Integrating from t* 6 to ty at which time the 
core has changed state from one residual stable state to 
Saturation, we hevec 

*, 
= - + 
( at ma (a, ) (aon (11) 


P 20 B nex 


when the core is driven into the saturated state, 
{t acquires « constant permeability which is very small. 
This leads to a value of inductanee of the winding of the 
saturated core: 


ei + Moe (12) 


L 302 p. BA 
va 
a5, 
Where: p s = “<r & constant 


A © grea of core, square in. 
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nwaber of turns 


\., °? meang length of “torbbé", in. 
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Similarity to Switch Operations 


There is no single value ofp which is applicable 
to the core in the transition state from one remanent state 
to the other. However, if we look at the locus of operation, 
i.e. the hysteresis loop, we sec that for a tell elender loop 
a value may be assumed equal to B_/i, as shown in Fig. III (a). 
This permits an approximation to the time variant inductance 
ef the wound core in switching. Thereby, we have an approxie- 
mate gauge as to the effectiveness of the switch in the ratio 
P/ Ps oF BL Paes This is because this ratio is the 
equivalent of the ratio of the "open-switch" inductance to the 
"slosed-switch" inductance in an impedance element made up of 
inductance alone. Melville (2) gives e figure of 2000 as 
desirable for this ratio for pulse ciroult application. 


Associated with the material of the core is 
a maximum flux density variation, shown on Pig. III(a) es 


Pace, (By ox B,, for our purposes). Since a large Bind, 


permits fewer turns on the winding for the same voltage-time 
integral, i.e. the samesswitching waveform. We would like 
to use « material which has a large Buax., consistent with 
other criteria. Having a smaller number of turns leads to 


@ Gmaller saturated induotance. 
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‘the energy loss, or cost of switching for one 
eytle is given by the erea of the hysteresis loop hence 
we look for a material with the sucllest coercive force. 
In addition to this, the transition to the saturated state 
should be e sharp chenge, ob ovitonsed by the .. . nases 
ef the loop. Note on Pigs IIi(b) that this trensition ite 
leas pronounced for certain materials. 


The oyolic switch developed here is not exactly 
enalogous to an ordinary ewlteh in the respect that the wave= 
form here determines the time of switching in lieu of this 
time being esteblished by on independent mechenism. There 
is another degree of control over the switching point in that 
the core may be blaged externally from a d.c. current source, 


The greatest numbers of operations] radars 
employ « magnetron oseilictor in the transmitter. fome — 
typloel characteristics are given in Fig. IV, for the 
Reytheon 2335. It will be seen in this figure that for « 
specified plate veltage there is a specified deviation from 
ite operating frequency. Sinee what goes out of a radar 
trenomittor must return if there is a target, the receiver 
must be of sufficient band width to secept all echoed oute 
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going frequencies. It follows thet the magnetron should 

be pulsed with a square voltage wave in order to minimize 

the recelver bandwidth. The bandwidth should be minimized 

in general,on a search reader at least, in order that the 
signel/noise ratio is acceptable, 4 wide frequency drift 

in transmission, without compensatory cireultry, would reduce 
the dfective range of the equipment. Compensating clreults are 
costly. Modulator clreultry employs switching devices, 
cores, hard or gaseous tubes, rotery spark gape, ete., which 
are subject to extremely high peak currents and voltages. 

it is at this point where en improvement on the core device 
could achieve substantial gains in reliability. Cores have been 
used in modulation for years, the prinsiple objection to 
their use in the past has been resultent poor pulee shape. 
The purpose of thie investigation le to determine the 
advantages devolving from the use of cores in a cascaded 
cirew for the purpose of improvement of pulse shape. 

4& G@lagrem of the clreub used in this investigation is 

shown in Fig. V. This circuit was developed and tested 

for a 250 volt output pulse (10) at a prf of 10 ke. 
Component values are derived in Appendig IIs literal 
derivation of the proper values for the design ts 

detailed in Chapter Ii. «4 qualitetive explanction 

is offerrec here prelisinarily before more elaborate 


analysis. 
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The plecewlse linear cireult shown im Pig. V (2) 
is valic over the greatest part of the pulse repetition 
peried. This is a series a.c. resonant clreult whose naturel 
frequency is that of the prf. A voltage transient charges the 
capacitor ©. up to a value shout throes times the driving source 
steady-state peak value. At the first negative peak of the 
waveform the biased saturable core SCl switches and the 
circuit of Pig. V (b) 1s valid for a period of sbout 
1/20 th of the pulse repetition period. In this time the 
Cepecitor ©, dumps its charge into the lumped capacitance 
of the artificial transmission line which makes up the 
pulse forming network, This is done in a resonant surge 
in a time determined by the values of saturated inductance 
of S01 and the two equivalent capacitors in series, ¢, and 56, 
This resonant surge of current causes the PFN to charge to 
the original peak voltage at Gc, at thefirat negative peak. 
&t this time the saturable core, 562, switches te an effeetive 
inductance of sero, causing the charged transmission line 
to be terminated in lts characteristic impedance ea viewed 
across the pulse trensformer input. The elroult of Fig. V («) 
is valid for this case. ‘The PFN line then delivers a rectan- 
guler pulse te the magnetron. The function of the damping 
Giode is to suppress parasitic oscillation caused by stray 
Gapacitence at the end of the pulse. 
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Sommery 

With the foregoing as preliminary background it is 
seen that reder modulation ls one phese of the field in 
which reliability improvement might be feasible. iSaturable 


. @0re reactors are used at lower pulse repetition frequencies 


with gone disadvantages, namely poor pulse shape, poor 

effielensy and the neceesity fer an alternating souree (2) (11). 

4n inductor-alternetor, « high frequency electro-mechenical 

power modulator wlll serve as the power soures for a full~ 

scale modulator network developed previously with success 

at a 250 volt level and a different pulse repetition frequency (10). 
It ie attempted te obtain a por.f. a8 high ss consistent with 

power limitations on the prime mover. 
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Since in its present applicetion the alter- 
nator will be working in a repetitive transient mode, it 
would be mathematically convenient to represent the electrical 
portion of the machine as groups of inductively coupled 
circuits. There will, in general, be inductive terme in 
the grouping which sre constants and those which will 
depends upon rotor position for magnitude, Saturation 
effects are assumed absent and only first end second 
harmonic effects are considered. 


Viguelizetion of One Pole=pair 


Figure II shows a view of geometrical relation- 
ships for one angle of roter position which may arbitrarily 
be called zero degrees. If we consider the two end sections 
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of the stator-rotor assembly as corresponding to two phase 
belts displaced by 120 electrical degrees, we may say that 
examination of one pole pair gives full information as to 
geometrical events occurring with respect to its phase 
belt. This same pole pair shows events transpiring in the 
other phase albeit displaced by the phase angle. 


Figure II shows the method used in winding 
the armature. Note that each pole is oppositely wound 
from its neighour. As the rotor moves it can be seen 
that the flux path for armature flux in a radial plane is 
identical at 0° and at 180°, having gone through a complete 
ef geometry in this angle. Therefore, it can be expected 
that the ermature phase self inductance will consist of a 
term es follows: 


L = Lal t Le? cos 2” (13) 


L = Instantaneous armature phase inductance 
Leal 2 constant component of Loe 
L a2 * variant component of tae 


€ = rotor angle in electrical degrees 
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32 x 8 (@* mechanical degrees of rotation) 
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Similarly, for the mutual term between field and each phase, 

as the rotor traverses a pole pair (= 360°), the geometrical 
relationships go through one complete cycle. The air gap 
there varies from « minimum at {: 0° to « negative minimum at 

~: 180°, (where the rotor tooth is opposed to the oppositely 
wound stator tooth) and on to f= 360° which completes the 
cycle. Thus: 


Lng.) = constant component of Lae (phase @) 


fa2 > component with positional dependency 
upon rotor. 


(for phase b edd 120°) 
Tooth and slot relationship are such that the 
air gap path for the field flux is almost a constent. Thus 


there is no positional dependency for the field self inductance. 


pg > Te (25) 


4 pether special case exists for the mutual 
term from the armature to the field. It may be qualitatively 
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envisioned thet, due to the oppositely wound arneture structure, 
there is no flux component in the axial direction due to 
eruature current. Thus the mutusl term le cencelled out due 
te sero linkage: 


bpp F Bags Gy? Se * © (26) 


To thie point, the breas demper slugs located 
betwoen roter teeth have been happily ignored (see Pig. Ti). 
The function of these bars ie to improve the wave fora by 
shorting out higher frequency components. “or a steady etate 
wmode of operation for the alternator, tt might be feasible to 
make a point by point calculation of the net alr gap flux 
by graphical solution of Le Pisee's Squation in the air 
Gep. Lecel areas of saturation, if any, could bo assessed 
end thereby e quentitetive enelysis of the alr gep field 


The enalogy might be made thet these donper slugs 
are eintlar to enortisseur windings, which windings are 
ignored in somo analyses of synshronous machines, Here, 
however, the slugs ocoecupy e coneidershle sector of air cap 
periphery. 
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Replacement of the damper slug by « fictitious 
winding is a poselbility. Ne unique current path is present, 
OF COUTES. 


The ensuing presentation will ignore the 
presence of these demper sluge for the time being and will 
check those effects in cata ovaluation. 


“ith the foregoing sessumptions the forms of 
inductances heve been defined. It is now feasible to write 
Gown the electrical equations for the machine as vieuslized 


% = tgp +o (ty) (27) 


O62 Fe (ty) [orgs + Egg cos P )]= 2,8, + 4) [laaay + bape ove 2 
(18) 


o> & (4p) [eyo Bye con (¥ +120)[- 
bit, > de (,) [ wa + lye con (2+ 240° (19) 


uae t 6, one &, = phase voltages 
Sp = Pleld voltage 
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Since the phase voltages are not to be used 
directly in application to the modulator, oe new voltage 
is definecd below which is the difference of the phase 
voltages. A like treatment is made for the currents: 


e. @ . *% (20) 
i, = i, 4h, (21) 


Also, from symmetry it is assumed: 


bas® Byp Fig d= Heyl (22) 


Therefore, equations (18) and (19) are combined 
below. The constant terms of the mutual of field to earma- 
ture are retained since sign has not been defined: 


eto (tp) | Leas + Lens cos?) - (Ley + lp» cos Cy +120°)| 


~ i, (2R,) - ~ e. ae t (344° cos (24 30) 


0? (45) | egy ~ Ley, + Bly. cos ( ~ 301] 


+ i, he ~ ~ i, View, gli 0 cos (2P+ 3) 
(23) 
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If the simplifying assumption is made that the 


second harmonic term is of negligible importance, which 


may be justified later and also using p for the operator & : 


@,* P(Ly) [Mee ~ Loy + 13 Beye C08 (PH30°) = 4, 12K, 4 2rb,.5] 


(2k) 
If the field excitation is supplied from a 
constant current source, alternator behavior may be 
described as follows if constant speed is assumed, (the 
phase angle is dropped): 
0,7 Ty faBip.5 etm (wei[ = 4, (28, + apt.) (25) 


The procedure to be followed later will be to 
evaluate the various constants of the machine by conventional 
methods and to thereby provide « check on the foregoing 
enelysis. 


The next stage in the design of the full scale 
megnetic modulator is to expand on the operation of the 
circuitry to be used. As mentioned in the introduction, a 
low voltage medel of this basic circult was operated 
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successfully in Reference 10. A review of the mechanics 

of operation of the clreult is in order for this presentetion. 
Por convenience in anslysis, there ere three plecewise linear 
approximations te the cyclic operation. These are shown in 
Pig. V and are in order, the cherging cireuit, the inter- 
mediate discharge cireult and the final discharge circuit. 


The Charging Cireuls 


In the charging portion of the cycle, the alter- 
nator causes the voltage on Cc, te rise in « conventional, full 
eycle, asc. resonant charging mode, (11) The plecewlse linear 
elreuit for this mode is valid over the greatest part of the 
cycle. The inductor 1, is pleced in series with the internel 
inductance of the alternator to bring the series LO combination 
to the proper magnitude for resonance. It is possible, with 
no limitations es to cholee of other cireult components to 
mateh C, to the internal inductance of the machine. [ In 
the case at hand, the pulse transformer turns retio was 
limited te 1:5 which in turn imposed another constant through 
the pulse forming network. | Note that the ecireult ls considered 
to be open to the right of GC. due to the high impedance presented 
by the first saturable core, Starting with the alternator 
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voltage in La Place notations operating on the circult. 


fig) 3 (26) 
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The time domain response therefore consists 


of a sum of a damped sinusoid pills an undamped sinusoid. 


Comparison with Undamped Case 


For the undamped case it can be shown (10) (11) 
that this voltage across the capacitor increases by a 
quantity ae at each succeeding positive or negative peak. 
The effect of damping, « 40, in the Equation ( 3 0)is to 
decrease this rise since the “ turn corresponds to multi- 
plication by a decaying exponential in the time domain of 
the steady state sinusoidal turn. If the damping is 
negligible, there is little effect on the first few peaks 
of the time domain response of the a.c. resonant waveform. 
The criteria for negligible damping might be defined as 
that value of A corresponding to a damping ratio of one 


tenth. 
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The instant the firet satursble core goes inte 
seturation the plecewise linear cireait of intermediate 
Glecherge, shown in Fig. V, applies. The Sanction of thie 
Ciroult is to transfer the energy of the charged 6, to the 
Puleo forming Networks; not only must thie echarce bo transferred, 
but it must be transferred in a minimum smount of time, cone 
sistent with limitations imposed by the delay line whieh 
forme the YPN, The reeson thet thie minimus of rise tine Ls 
specified is that it is desired to keep the mimber of turns 
on the second setureble core to a minimum, If it is remembered 
that the impedance of thie second wound core is proportions! 
to the square of the ausber of turns, Lt cen be soon that a 
 lepge impedance will cause pulse distertion. A faster rise 
time permite fewer turns for the seme voltage pesk. The 
lumped capacitance of the PFE, SC, is substituted for ite 
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five stage distributed capecitence C, « substitution which 
is valid when the major frequency components of the charging 
wave form are well below the “cut eff" frequency of the 
ertifictel transmission line given byt 


ee 
” 


inductanse per stage 
> gepacitance per stage (33) 


Note that the current consists of thet portion 
contributing to FP? charging and a second tern, E eo? the 
magnetizing current passed by the second sors, due to its 
low impedance. The mochanisu of this trensfer is under 
stood by reverting to LaPlace notations for purposes of 
Simplicity the magnetizing current of 8C2 is considered 
constant: 


+. 3 (34) 
“a S562 (35) 
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where: H H,, the coercive force 


N 2 number of turns 


I, 7 mean core length (om) 


ei 
Y) 


"magnetizing" current in amperes for 
the second core 


r=) 
I + im 
~“cop + a. * igh, + ee = (36) 
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where L. = saturated induetanee of first core 


S¢ ~ lumped ¢ of PFN 


i 
a 


Le Place transform of current in inductance 


pfn * La Place transform of PFN voltage 


In the time domain this voltage is: 
¢ I 566 
- * ° ’ ea t 
*yra'*) > Boop OoSe- (2 - 08 wt) + Bo (50 * OF 50 


i ¢ 
Pap De a gin wit (38) 
So (¢,+5¢), 


This voltage maximizes at t 2 seconds which 
is, of course, the time at which it ia desired to have the 


second core saturate. 
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The term wis of the order of 10° rad/sec 
and this fact gives justification for dropping out the 
last two terme of Equation (38) if the time Laterval 
considered is small (Tx 107°/sec), ‘The magnitude of this 
first peak is: 


P | 
®yenp* 7 “cop me (39) 


Prom conservation of energy, for complete 


energy transfer: 


6, (agp)? = 5 (Bony)? (0) 
20 rv 
cy = (Pec) x Sc 
G, = 5¢ (42) 
The Pinel Discharge Circuit 


The saturation of 802 effectively puts a matched 
terminstion across the charged artificial transmission line. 
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Sinee the reflection coefficient 1s zero at the magnetron 
end and unity for the open end, «a rectangular pulse of 
duration 2 x 5 x Jee seconds, is delivered to the magnetron, 
of amplitudes 4 Byop Volts. fhe pulse transformer is 

assumed ideal and the impedance of the second core is assumed 


Zero, 


Due to stray capacitive effects, spurious 
oscillations occur if the damping diode is not placed in the 
magnetron circuit. The diode causes these oscillations to 


dampen out. 


The apparent resistance that the magnetron presents 
is determined by the operating point set by the pulse of 
voltage. This apperent resistance is sketched in Pig. V. 

This resistance is reflected across the turns of the pulses 
transformer. 


The output of the magnetron is led to a matched 


7/6" soaxiel line which is in turn matched to a resistive 
load, 
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CHAPTER III 


RESULTS 


The modulator eystem design procedure is given 
in Appendix II. A schematic of the overall system is 
presented in Fig. XV, Fhotographs of individual components 
are presented in ensuing figures. 


Results and curves of deta will be presented 
for these individuel system components in the order in which 
they wore taken. xplanatory comment is included as to the 
means of measurement, for the purpose of evaluating the 
date. 


Thess two curves are plotted against field current 
in Pig, VI. for various speed levels in the modulator. Speed 
was measured by using a Gi Type 6315 Strobotac which was 
Gealibrated against a Tectronix Type 51D oscolloseope. The 
Voltages were measured with a Voltotayst “V97 A electronic 
voltmeter and currents were measured with this meter ecross 
a fixed 10 ohm resistor. The object of the Boe plot is to 
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soem the sastuad of the ftele los "AU to one phase 
bedty 1 Pane voltages wore ob aad to be valence? within 
enssiiebaeeisih devi. Tho told was excited by a che. i 
stant® gurrent source, In. all eases the field wes oscillated 
for the purpose of obtciaine es near & value of zero ae 
forsthle for the indwoed veltace, Gus te reoidusl magnetiem 
in the stator, It wns “observed thet thd ‘pesiduel magne tie 
effect for the voltage aerees both phases eould he as bigh 
es 200, volte at 5 ke. This pesidusl effect is notieed in 
that add. suvae. conadt, 6 extrapolated $0 400 none potat) 
nota the irregular spacing, The object of the I,, plot ts 
to establish the synchronous impedance caused by Ay and 2. 
This was noesured over an operating range hear 5 ke 
on Haste pt 34 et nar ato . 
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| Pigure vil shows @ plot of the “tndustive effect 
of vertous windings due to the angle varient component of 
indwetence, et 5 ko, The plot ives en index as to stendy 
state evelustion of ‘aouature constsnts. A constant current 
source ‘provided exeitetion for one phese belt. of the stator, 
while vee Ta vasiinecaeadtnatceentessianecl utaatnnd 
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Note the magnitude of the second harmonic effect. Wo field 


voltage change was observed nor was any voltage change 
observed in the second phase belt. 


Transient Effects 


The effect of a step of voltage on the alter- 
nator field as felt by one phase belt is shown on Fig. VIII 
and Fig. Ik, <A time constant of .119 seconds was observed 
at 5 ke, A full load short circuit current test was made 
end the waveforms of this ere displayed with those of the 
field transients, on Fig. IX. The sctual photostatg copies 
are poor in the respect that for the field step it was 
desired to place both voltages on the same time seale. Since 
the alternator output hes a frequency of 5 ke, the armature 
waveform is blurred. iIn the case of the short cireult 
current test, the waveforms were placed on a fast sweep on the 
Dumont 322 oscilloscope in order to retain the identity of 
the armeture waveform. However, the film speed was not 
sufficiently fast to register the waveform distintly for 
reproduction, For this reason the peaks have been sketched 
over for clarity. A time constant of abeut 150,/s was 
noted for a group of photographs. This figure was computed 
by assuming complete decay in five time constants, More 
Quentitative data on short cireuit response would indicate 
@ more sophisticated technique in phasing sweep and switch 
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(a) 60 CPs STATIC MUTUAL OF BOTH PHASES AS 
TOR POSITI 
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° (b) COPIPARISON HARMONIC CONTENT 
° 60 ces static Mutom 
hs (see Arremow LT Rowes's Sqaeoue | 
é a O — GR. Wave Aumyace Tree 736A 
a ; CAT FRE OF FuoNMpTAR < 2 kc ) 
lo 


Orpen oF HARMONIC 
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elesure times. A DPST ewiteh wes uged here within ons pole 
wes displaced so ae to trigger the sweep before the short 
circuit wea made, 


Hemaeuie Content 


4 60 eyele “static” test of field to armature 
mutual inductance was made. The resulting curve is shown 
ia Pige X. Both phase belt voltages wore used in the 
computation of thie mutual whieh le « function of rotor 
position. This is termed «a “static” test since the roter 
wee held fixed at « known engle while the ernature voltage 
was meosured. The mutual inductence ls derived from this 
term. ‘n analyeie for harmonies wee performed by nuserical 
methods and this procedure is given in «ppendix I. The 
fifth harmonic iz the most pronounced at the static test, 
having a magnitude of about 11% of the fundementel, 4 
separate “dynamic” analyais was performed using the @ 
Wave Analyzer, Type 736%. This has en upper limit on frequency 
26 ke, hence it was necessary to operate below 3 ke for 
harmonic determinetion. it was firet sssumed that the wavee 
form would be a function of rotor displacement. A souparison 
of the resulte of the two means of measurement is given in 
Pige i. In general the static harmonics are higher, than 
when the meesurenents were taken with the rotor turning at 
the fundemental frequency. 
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4 400 eps “static” test was performed on the 
mechine, The resulis of this test ere given in Fig. XI. | 
The purpose of the test was to verify the forms of induce 
tances as hypothesizecé in Chapter II. Note that there ise a 
constant term end « positionsliy-dependent term for each 
inductance, Mote that there is no correlation in magnitude 
between the 60 cps static test and the OO eps test, (In 
both the magnitude of exciting current was the sams, 500 ma.) 
Wote the small second harmonic waveform of the self induc- 
tance of the ermature.phase belt. 


Machine Losses 


4 summery of the lesses of the machine is shown 
im Pig. XII, The value of full load current wes chosen 
arbitrarily on the besis of 650 v ems), .615 a(ems)for « 00 
watte rating. Armature resistance was found to vary from 
ebout 79 ohms to 90 ohms, due to heating effects presumably. 
an estimated eceuracy of 10% is given for these powor 
figures. These losses wore obtained by measuring the no 
loed power consumption of the Dumore motor as a function of 
apeed, with the resistence of the motor armature, By 
measuring totel power into the alternator-motor system, and 
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CORE RESPONSE 
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applying motor losses, the power consumed by the alternator 
was attained. 
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Am @xample of the wid used te naogure hysteresis 
loop constants at frequencies nbey § ke is shown in Pig. se fd 
Tho core was current ariven fron the slternator. Voltage and. 
, weveforns were taken (rig, av), These were trans- 

oped the Beli Characteristic, Te somewhat low value for 
maxis Fux density wes measured of the firet stage core, 
using * ‘this method _ Patypeted permeability Values were taken 
by bbasiog the cone inte eats ton by meang of © bios windine 
end by mengurenont of ‘the: ingediigos dovelened by] this winding. 
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Based upon the | prensa or constants t1lus- 
trated in the foregothg, and upon the modulator featgn 
procedure contained in Appendix iI, “a magnetic aodulator was 
febricated for operation from a 3 ke pulse repetition frequency. 
The system schomatie ‘is Liustrated th Fig. wv. & Binka air 
compressor furnishes "S hbetd “ten the ot ntet-apelen én. The 
charging cepasitor, ©., is .0075yt. This is charged by the 
inductor alternator through an external Inductor, 130 mh. 
The first stage core, an arnold 5387D1, is wound with 709 
turns of (16 heavy formver insulated copper wire. The bias 
winding is 50 turns of #10 heavy formvar insulated copper 
wire. 55 
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The delay line inductance is 6.65end the 
capacitance is .0015 pf. The second stage saturable core 
consists of 59 stacked 50003 Grthonol cores wound with 70 
turns of #15 H.F. copper wire. 


Waveforms observed with the modulator are shown 
in Pig. XVI. Uxcitatlon was 700 ma, Peak valuer of voltage 
were measured across voltage dividers made up of series 
Capacitors. The voltage dividers wore calibrated with ea 
Bewlitt Peckerd Fulse Generator on a Tectronix 51)D scope. 
It will be noted that the first core is saturating prematurely. 
Biles current on the first saturable core was .71 amperes. 

& epectral analysis of the megnetron output was attempted 
using a Type 107 Spectral Analyser (Sy?vaenia). ‘The spectrua 
Wee quite unstable and was not photographed for this reason. 
A standing weve voltage ratio of 1.05 was observed using oe 
TS912/AP Standing Wave Indicator. 


Detailed photographs are listed on figures following 
Fig. AVII which point cut details of components. 
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Yrom the value of open circuit voltage per phase, 
Pig. VI, Lt is found that a per phase mutual of 15.2 mh 
applies over the range 3.5 ke to 5.5 ke. This value is constant 
within the tolerances of measurement errors, ostimated at 5%, 
Prom the values of Lec and Boo can be found an impedance made 
up of internal constants of the armature. If it may be allowed 
to ekip te the velue of internal resistance, 80 ohms, ob- 
teinec from power input measurements, it is found that the 
apparent self inductance of one phase inereasee from 3.3 mh 
at 3.5 ke to 4.2 mh at 5.5 ke. Since the second harmonic 
component of the self inductance is sesumed negligible (to be 
verified) it is assumed thet this rise of 25% in the value of 
self inductance, is due to the effect of damper bar coupling. 


& straight line approximation for the self inductance 
of an armature phase was made for the case of the second her- 
monic component of L.., namely L...» This gave a value for 
this term which was 7.5% of thet of the constant self in- 
duetance. ‘The net inductive effect would be 15% sinee it its 
a second harmonic term. Eence, it is felt that the omlesion 
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of this term is justified for first order purposes. 


Transient Litects 


The inductance of the field winding was determined 
to be .27 henry. Its sero frequency resistance war 35 ohms. 
This gives a predicted time constant for the winding of 
+0077 soc. The transient observed for a step input of 
voltage on the field contained « time constant of .119 sec. 
This disparity involves a factor of 15. An explanation 
avalleble here lies in the coupling due to the damper bers. 
This is a large problem to quentitize in the steady state 
condition, and is larger for the transient condition. 


Sketched on Fig. VIII is the predicted waveform 
for the armature phase, obtained from taking the instantaneous 
excitation current and epplying the field to phase mutual. 
This predicted curve falle within 10% of the plotted wavefom 
observed, allowing for remanent flux effects. It ts felt 
that the 10% difference is at the aceurescy margin of the deta. 


Por the short elreult current trensient the time 
constant may be computed for an inductance of 4 wh and a 
resistance of 40 ohms, as .0002 seco, ‘This value of 200 micro- 
seconds is nesr enough to the experimental value to lead te 
the observation thet the internsel constants of the armature 
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winding alone govern for the cease where the terminals of 
this winding ere short clreulted with sere current in then, 
Yor the cese where current is in the armature ct the Lostent 
of closure, « more complicated explanation ie probably 
required due to coupling with the damper bare. In any event, 
it ts felt as 2 result of these preliminary probings thet 
if this point fe of importance for some contemplated form 
of operstion for the elternater, the dynanle regponse must 
be ssgeseec by use of refined scope techniques which pernlt 
examination of the weveform «at intervals of 10 alcreseconds 
following closure. Yor the mode of operation used in 
Me@. transient resonant charging, the current ie almost 
sero at the instant the first stage setureble core fires. 
Hammonie content 

fhe “dynamic” test for harmonic content with the 
wpe of the Gli, Wave Analyser seems to show that the damper 


vare heve porformed the intended function, namely to iaprove 


The regulte of the 400 ops “static” test doas 
werlfy the qualitative prediction of the foras of inductances 
made in Chapter Ii, Hote thet the phase displacement of the 
two mutuals, with reference to the respective constant 
Component of each, is 120°, the value of mutual here 
ebtained te spparently useless, since it differs fron the 
‘Values obtulned by using other frequencies. fo correlation 
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of the values of inductances obtained in this "static"test 
procedure was noticed as various frequencies were used. In- 
Geed, the values obtained for « specific frequency varied 

with the level of remanent flux. for quantitative measurement 
of these inductances, the valuew of inductances were teken from 
the operating characteristics of the alternator. 


Hachine Losses 


It is apparent that the machine ls avt too 
efficient ( less than 64% efficiency at 5 ke full load). 
It might be expected that considerable heat would develop 
aS a result of 200 watte internal dissipation at 5 ke. 
However, such is not the case. The ollulst system keeps 
& ¢ontinuel eeiant flow, of course, and it is deduced 
that herein is the reason why the machine does not host up. 
At no time in the course of this investigation did the 
alternator show signs of overheating, although both eir 
compressor motor and prime mover motor were constantly 
running hot. 


Thies is « yory interesting subject for which the 
reader might be rewarded by a cursory look at (9) (Production 
festing of Magnetic Core Materials, ‘Iu Conf. Paper, 6/5%) 
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The reason that current drive wes selected here was because 
it was the easiest to realizes; however, current drive is 
not a bead choice since flux Grive has been criticised dus 
to time varient random inconsistencies in repetitive oper- 
ation. Sinee the maximum flux chenge is the sallent Ltom 
of interest in the hysteresis loop, any legitimate means 
would preswusbly give seeeptable results, With regards to 
eoercivs force pre-determination, it iz doubtful if the 
current Grive produces a valid quantitetive figure for 
thisg it islikely to give a higher quantity. This pre- 
determination, however, is of second order importance to 
modulation in any event, since e« well-designed circuit 
would provide means for adjustment of this bles. Any 
Valld method of checking aturated permeability would algo 
be applicable to the problem at hand, 


‘. Gesuel glance at the waveforms obtained in 
Pig. XVI will lend eredence to « statement here that 
waveforms could stand vast improvement. A word ef 
explanation is in order for these waveforms is in order. 


The criterion to be settled first was felt to be 
the voltage magnitude relationship, to wit, 5 kv at the 
Cathode of the magnetron. Therefore the exoltation was 
adjusted to cive the 5 ky pesk voltage at this output. 
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When this was done, the volt-time integral of the waveform at 
c, had exeooded the ebility ef the turns on S01, the first 
stage core, to fire et the repetition frequency; saturation 
was occurring prematurely. Sinee firing occurred at the peak, 
where the first derivative hes s« low value, the value of 2 kv 
wes correct. This particular core case had been burned from 
overheating in a previous modulator model tested earlier and 
it is possible that ite maximum flux sewing had altered since 
the series of test runs. It was the burning which prompted 
the use of o11 immersion on both cores. 


Therefore, there are two series of waveforms shown 
in Pig. AVI. The lower left two waveforms correspond to the 
waveform of &, (%) shown at the top. These three correspond 
to 5 kv at the magnetron cathode. Note the premature saturation 
and ite ettendant effects reflected into following circuits, 


Exeltation was then reduced to 4.5 kv at the 
magnetron which reduction eliminated the premature saturation 
of Sl. The lower right bend waveforms of Pig. IVI resulted 
from this chenge. These show a pulse rise time of about .3 
microseconds, « flat portion of about .3 microseconds and a 
Yomplike fall off of about 1 microsecond. The last could have 
been steepened somewhat by trial and error tuning of stray 
elements. These pulses ere quite satisfactory in shape, buat 
not in peak magnitude since the reduction in voltage has 
pleced the magnetron in the unstable region. Minor loeal sreas 
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on the pulse wore noted to be fuszy perhaps eas « result of 
the use of the eight etacked cores at 502. 


The elim of spectral analysis had been to use the 
output spectrum as « criterion of pulee shape. Nenee, if a 
#pectral envelope of wine (x) / x could have been obtained 
with an imperfect weveform, due to net internal effects, a 
better index es to system performance wer at hand than that 
given by pulse ahape alone. 


‘4 standing wave retio of 1.05 was achieved by 
adjustment of the termination; however no stable spectrum 
wes retained, Thies is not unreasonable since it could be 
expected that tho 5 kv voltage trigger (i.e, the left hand 
pulse series on Fig. XVI), contained spurious oscillations 
Gaused by the train of parasitic spikes. for the right hand 
get of pulses, the peak voltege ie about 4.5 ky which pleces 
the operating point in the shaded eres of Fig. IY. Thus it 
ie appsrent thet if good spectra were to be obtained, Lt 
would be accidental. 
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Prom the foregoing 1t 1s concluded that: 


(a) The core should be of] immersed for temperature 

ss gontwol, and stability, Melville (2) used ofl imersion 
for beth dlelectrie properties and for cooling on 
a modulator operating at 1500 eps. Por a field 
model, this could involve packeging in a finned 
@11 casing so that the heat dissipative surface 
cen be proportional to volume. 


(b) ‘The induetor alternator efficiency is marginal for 
this speed. The basic concept of the use of the 
inductor alternater bere is sound and practicable 
in the eontrolled-enyironsent stage. Por high 
frequency power generstion, there appears to be 
potential voluse gains but euxiliery bearing 
equipment (i.a,. the air compress} should be tn- 
tegrated ae an essential part of some other portion 
ef the overell system, thus the bookkeeping costes 
and volume of this parasite system would be split. 


(ec) The magnetic modulator te « sound end practicable 
answer to the problem of radar modulation reliability 
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improvement. Core sceontricities at the production 
level might tbe handled anelogoua to present means of 
produstion calibration of the quadrature fleld of 
the G.&, emplidyne, nemely the hard engineering 
thought embodied im the comment, “after 211 
analyses are finished, we still have « turn or two 
to pley with.” 
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FIG. XVI 
EXPERIMENTAL MODULATOR 


Di D 


———— 
‘ 


FIG XIX 


INDUCTOR ALTENATOR 
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The following stones are « few of the many which might 
be turned to sesist in « proper understanding of the use of 


(a) @e 


(b) 


(e) & 


The use of the eight uatehed cores for the second 
stage switch may be questionable in that « cleaner 
pulee without minor fuzzy areas might be achieved, 
The use of eight cores here wes for the purpose of 
meeting the volt-time integrsel requirements with 


the "least-industeance” solution, 


The possibility of « more complex lumped parameter 
get of clreults exists here to account fer the 
damper bars. Note that the disperity in the field 
time constants ss predicted and as observed, can be 
caused by currents in the damper bare. 


This ineludes « higher powered prime mover to enable 
operation at higher pules repetition frequencies, 


vere use of the waghine would be more advantageous, 
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Power considerations on the prime mover Dumore 
motor, dictated the cholece of a lower prf than war originally 
Planned, It had been hoped that a prf of 10 ke could be 
atteined, but it will be noticed that the no load rotational 
losses of the elternater are quite high. With o peak power 
of 15 kw et ao prf of 5 ke, there ie a duty retio of 1/200 
for a 1 microsecond pulse. This gives an sverage power of 
75 watts, Assuming « modulator efficiency of 50% (10), this 
moans thet 150 watts of everage power must be supplied from 
the alternator, «At 5 ke the no losd losses are approximately 
190 wette as plotted in Fig. XII. Therefore this frequency 
was adopted fer the full scale test, since it appeared to 
fell within the limitation of the ¢ hp moter used to drive 
the alternator. 


The Raytheon Package Magnetron, 2335, was chosen 
since it wes operative on low peak power of 15 kw. The 
operating point 4.95 kv at 3 amp. was selected, at 3260 me. 
Thus the apperent magnetron resistance was fixed at 1.65 K. 
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It would have been desirable to have obtained a pulse trans- 
former with « turns ratio in the neighbourhood of 1:5, however, 
the maximum available was 1:5, Thus the reaistance reflected 
seress to the pulse forming network was 1.65 x 10°/5° or 66 
chas. Since this value set the characteristic resistance of 
the ertificial delay line and since the pulse duration wae 
fixed ot 1 microsecond arbitrarily, the parameters of the 
delay line were prescribed when the number of stages was set. 
This wes fixed arbitrarily et five. With the number of 
stages set at five, the delay per stage for the PPR waa fized 
at 1/10th of a microsecond. Thus the two simultaneous 
equations were established: 


Ji - el = 107° seconds 


VT. > 66 otme 


© > ,0015 microfarads 


L * 6.68 wlerchenries 


Yrom Chapter Ii it is seen thet GC, is specified 
mow as 50 or .0075 microfareds, vor resonence it is neces~ 
gery that the formule be satisfied: 
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or L.* Ly = 135 millihenrtes 


Note at this point that the internal inductance, 
L,, of the alternator could be used to determine ©, for any 
value of frequency (prf). However, this would imply that 
the option is present to select any value of turns ratio 
in the pulse transformer, which option was not present in 
this investigation from practical considerations. L, was 


therefore set at 135-8 = 127 mh. 


The voltage relationships of the modulator ere 
specified by the operating point picked for the magnetron. 
Por a 5 kv peak pulse delivered to the magnetron, a 1 kv 
pulse is required from the artificial delay line. This 
specifies thet the PFN must be charged to 2 kv prior to 
discharge and henes this in turn specifies the peak voltage 
to which cy charges es 2 kv. 


Now it is feasible to specify the turns to be 
Pleced on the cores. Both cores were of the same material 
but were manufactured by the Arnold ingineering Co. and 
Magnetics, Inc. respectively, hence the trade names beltamax 
and Orthonol. This material can be compared on Fig. Iilt 
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with other square loop materiale; it will be seen that the 
flux density ewing is lerge, the coercive force is low, the 
knees ere sharp and the flatness of the manufacturer's setura- 
tion date indicates a low value of saturated permeability. 


fo compere dynamic performance, curves of Kysteresis 
were caloulated, similar to thet shown in fig. XIII, from 
current-voltage relationships it was found thet e change in 
frequency in the region of 5 ke showed no significant 
departure from a mesn for that frequency. The loop for 
3.12 ke fs shown in the figure, for a #5307D1 core. The 
measured flux density swing was 24,500 gauss. The measured 
saturated permesbility was 42 for thia core, This was 
obtained by measuring the voltage scrogs « saturated core, 
at 5 ke. The core, of course, was driven into saturation by 
@ second auxiliery winding. Sight stacked matehed Orthonol 
#50003 cores wore used for the second saturable core, The 
measured flux density swing, 2 5,, was 26,500 gauss with 
@ saturated permeability of 12, 


Both cores developed considerable heat in the 
switching process under test. Waveforms became distorted 
under current drive after more then ten minutes of operation 
and it was therefore deemed necessary to provide for operation 
of the cores under o11 for cooling purposes, 
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Por the main winding on the first stage core 
it was first necessary to determine the voli-time Integral 
for 5 ke at « peak of 2 ky. This integral ie given by the 
formula: 
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Substituting into the formula: 
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2h.7 aot ampere turns desired for bias. (This value 
of bies on the first stage core will displace ite 
Beli ¢charecteristis by en amount oqual to the coercive 
foree, which will ensble use of full flux swing.) 


253 eupere turns wtteattoniow to the ever 
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Therefore the amount of bias le determined by the 
difference required to return the curve to the desired 
Goorcive force; this is seen te be 53.7, say 45 ompore turns, 
Yor on arbitrary 50 turns on the bias winding, an amperage of 
96 saperes is required. 


The volt~time tntegrel of the voltage waveforn 
aeross the FFU is obtained by integretion of the enalytical 
expression for this voltage, aeglecting the second order effect 
of magnetizing current in the second stage core. 
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# Substituting values into this formula: 
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zo00 Wt ¥' 839 4.00375 x 10°7 


18.1 x 107 velt sec. 
For the number of turns for the second stage core: 
WN . 32 x 197" x 10° 
xO xX. 
~70 turns 2 
A is .121 em* for one core) 
The saturated inductance of the second stage core 


is computed to be: 


Leo2s - 3.2 Nps 107° (mixed English units) 
tn 
~ 3.2 2 70* x | 121 x 107° * 22 
2.54 x 1.58 
= 17.8 ph 
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The lest velue should be satisfactory since it is 
of the estimated order of magnitude of astray inductance in 
the magnetron oirecalit. 


The final computation in the design of the 
modulater le to check the damping constant of tho charging 
eireult. The charging clreult consists of the internal 
resiatence and armature inductance of the alternastor, in 
series with the externel inductance required for rezonanes 
and the charging capacitor, Cae 


The resistance necessary for critical damping is 
given by examination of the expression for the locations of 
the poles of the complex frequency response of the clreuit. 
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where; ii * internal resistance of the machine, Ry 
iL ° totl induetance of the charging clreult, 1+ Ly 


* ¢gharging capacitance, Sc. 


Por epiticel damping the expression ander the 
ragical is zero and this occurs when: 
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For the values used in the modulator it is seen 
that this ¢ritical resistance is equal to; 


=} 
7.5 x 10 


= 6500 ohms 


The ratio of this value of internal resistance to 
that required for critical damping is thus seen te be: 


von. 2.0093 


Prom which calculation it Is assumed thet the 
Gemping effect is negligible. Therefore the waveform of 
the voltage across the charging capacitance should closely 
approximate the waveform of that obtained when damping is 
neglected completely, namely a waveform which cherges to 
3.14 x the excitation voltage, whose volt-time integral is 
given by 1.1 x 3.1) x the value of the excitation peak 


voltage. 
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